The in vitro dentin permeability of the constituents of two types of conventional phosphoric acid etching agents which had different viscosities, and their pH changes after being permeated dentin were investigated.
INTRODUCTION
Dental polymolecular materials, particularly resin materials used for restorative fillings and bonding have made marked progress in recent years.
When these resin materials are applied to the tooth structure, the tooth surface is often acid-etched with phosphoric acid as a pretreatment to improve adhesive strength and marginal closure between the tooth structure and the resin material. The effect of etching on the tooth structure, particularly the morphological changes of the enamel and dentin, has been the subject of many studies. Little is known about exudation from the tooth structure after the etching agent permeates the dentin.
To clarify these changes, the present experiment was conducted using analytical methods to study the permeability of dentin to the components of zinc phosphate cement as
MATERIALS AND METHODS

Materials
Preparation of tooth test samples
Test samples were obtained from fresh anterior teeth extracted from 4-year-old cows, these teeth had been preserved in distilled water. Bovine teeth were selected because they can make the experimental conditions more uniform1,2). The roots of the bovine teeth were sectioned at the cement-enamel junction, and the coronal pulp was removed. As shown in Fig.  1 -A, the coronal portion was cut using a diamond disk so that the pulp chamber was divided labiolingually into two equal sections. Only the labial sections were used as test samples. The sections were contoured to conform to the gauge of the test tube, as shown in Fig. 1 -A. The cavity was prepared to 5mm in diameter, with 1mm-thick residual dentin on the cavity floor.
After preparation, the test samples were rinsed in distilled water by ultrasonic waves for one minute, and they were wiped lightly with filter paper.
Preparation of glass fiber test samples
Plates of the same size as the tooth samples were made of cold cure resin* and used as control samples. A 5mm-diameter cylindrical hole was prepared at the center of the plate.
A glass fiber filter** was fixed to the floor of the hole with sticky wax, and it was used as the resin cavity floor ( Fig. 1-B The experimental methods and conditions are shown in Table 1 .
The extration was done immediately after step 4 for condition A and one hour after step 4 for condition B. As described in step 5, the extract obtained was analyzed for pH and Ca, P, Mg and Zn. The pH value measurement of the solution in the test tube was performed by the glass electrode method using a pH ionmeterb before and after the experiment.
To analyze the solution in the test tube, an inductively coupled argon plasma emission b PT 5D , Toyoroshi Co., Tokyo, Japan spectrophotometerbb was used to detect the constituents which had permeated through the dentin.
RESULTS
pH value measurement Figure 3 shows the pH of the solution in the test tube. There were no significant differences in the mean pH between conditions A and C, A and E, B and D, and C and E. Regardless of the type of etching agent used, the pH of the solution, which was extracted after one hour, was higher than that of the control solution. This suggests that the solution was almost neutral. These results are comparable to those of Ito et al.1) who used zinc phosphate cement. But when a similar experiment was performed using glass-fiber samples instead of tooth samples, the pH of the solution in the test tube was 3.92 immediately after etching and 3.47 one hour after etching.
These results reflected the low pH of the etching agents, as opposed to the results obtained with tooth samples. A quantitative analysis of the solution in the test tube was made in order to investigate this phenomenon.
Quantitative analysis of solution in the test tube
Figures 4 through 7 show the results of an analysis of the sample solutions for the four elements using a bar graph depicting concentration (ppm) vs. experimental conditions. The height of the bars indicates the mean and the vertical lines represent the 95% confidence limits. The results of an analysis of the glass fiber sample solutions are shown in Fig. 8 .
As shown in Fig. 4 , the concentrations of calcium were low, for solutions A, C and E, which were extracted immediately after completing steps 1 through 4. On the other hand, the concentrations of calcium in B, D and F after one hour were higher than those in A, C and E. The t-test showed significant differences in the mean concentrations of calcium between the etched conditions and the non-etched conditions. The concentrations of magnesium were about 1/3 of those of calcium, but, as shown in Fig. 5 , the concentrations for the etched and non-etched conditions were almost the same. Compared with the former two elements, there was no appreciable zinc level detected under the various conditions. The low level was very close to the detection limit of the analyzer (Fig. 6) . The results of the phosphorus analysis are shown in Fig. 7 . The concentrations were almost the same as those of calcium and magnesium. Figure 8 shows the results of the glass fiber sample analysis. The analysis of the solution in the test tube immediately after the experiment is as follows: calcium 0.26ppm, magnesium 0.13ppm, zinc 0.05ppm, and phosphorus 6.53ppm. One hour later, the analysis yielded: calcium 0.18ppm, magnesium 0.14ppm, zinc 0.07ppm, and phophorus 10.87ppm. The concentrations of calcium, magnesium and zinc were somewhat lower than those in the tooth samples. The concentration of phosphorus was higher than those in the tooth samples.
DISCUSSION
The entire cavities in bovine teeth were etched using two acid etching agents of different viscosities in order to evaluate the differences in their permeability to the dentinal tubules, and to evaluate their effects on the tooth structure due to the different viscosities and the changes in the low pH of the etching agents. of a higher concentration of phosphorus in groups I and II may be explained by the fact that phosphorus may have eluted from the tooth structure into the distilled water, in addition to phosphorus compounds which were decalcified by the etching agents. These results suggest that four elements permeated the dentinal tubules and eluted into the test tubes during the one minute etching, and that these elements remained in the dentinal tubules even after rinsing and continued to permeate the dentinal tubules. As a result, higher concentrations of the four elements were detected one hour after etching, than immediately after etching. Results of the glass fiber sample analysis
The concentrations of the three elements detected in the solutions in the test tubes, except for phosphorus, were generally lower than those in the tooth samples. These elements are the constituent parts of glass fiber6). The phosphorus concentrations of the glass fiber samples were 20 to 100 times those of the tooth samples. This may be explained by the following facts: 1) Unlike tooth samples, phosphoric acid was not buffered when it was passed through the glass fiber filter, and 2) glass fiber samples did not react, or reacted slightly, to phosphoric acid.
Therefore, phosphoric acid permeated the dentinal tubules without a reduction in concentration, and its low pH was reflected in the solutions.
Acidity of the eluted solutions
It is considered that the reaction of phosphoric acid to the components of the tooth structure formed soluble hydrogen phosphates, that is, calcium dihydrogen phosphate, magnesium dihydrogen phosphate, zinc dihydrogen phosphate, and other phosphates. There may be a correlation between the four elements and the acidity of the eluted solutions.
The pH values in all conditions and the amounts of all the elements are summarized in Table 2 . The calculations were made according to Ito et al.1) .
As seen in Table 2 , the concentrations of the elements which were eluted were almost the same in group I (A and B) and group II (C and D). This fact indicates that the viscosity of the etching agent does not affect the amount of the eluents.
For groups I and II, the pH of B and D were higher than those of A and C. In group III, the pH difference between E and F was smaller than in groups I and II. Therefore, it Table 2 pH of solution and concentration of four elements
